Daqu, a traditional fermentation starter, has been used to produce attractively flavored foods such as vinegar and Chinese liquor for thousands of years. Although Bacillus spp. are one of the dominant microorganisms in Daqu, more precise information is needed to reveal why and how Bacillus became dominant in Daqu, and next, to assess the impact of Bacillus sp. on Daqu and its derived products. We combined culture-dependent and culture-independent methods to study the ecology of Bacillus during Daqu incubation. Throughout the incubation, 67 presumptive Bacillus spp. isolates were obtained, 52 of which were confirmed by 16S rDNA sequencing. The identified organisms belonged to 8 Bacillus species: B. licheniformis, B. subtilis, B. amyloliquefaciens, B. cereus, B. circulans, B. megaterium, B. pumilus, and B. anthracis. A primer set specific for Bacillus and related genera was used in a selective PCR study, followed by a nested DGGE PCR targeting the V9 region of the 16S rDNA. Species identified from the PCR-DGGE fingerprints were related to B. licheniformis, B. subtilis, B. amyloliquefaciens, B. pumilus, B. benzoevorans, and B. foraminis. The predominant species was found to be B. licheniformis. Certain B. licheniformis strains exhibited potent antimicrobial activities. The greatest species diversity occurred at the Liangmei stage of Daqu incubation. To date, we lack sufficient knowledge of Bacillus distribution in Daqu. Elucidating the ecology of Bacillus during Daqu incubation would enable the impact of Bacillus on Daqu to be accessed, and the quality and stabilization of Daqu-derived products to be optimized.
Qu is a traditional fermentation starter, commonly used in Asia to ferment a variety of cereal substrates. The fermentation process produces foods with attractive flavors, such as vinegar, Chinese liquor, soy sauce, and rice wine. Daqu, a type of grain Qu, has been used for thousands of years [38] . Daqu is typically made from raw barley and pea, incubated under uncontrolled conditions without adding defined starter microorganisms. Daqu incubation is commonly divided into seven stages: Woqu (WQ), Shangmei (SM), Liangmei (LM), Chaohuo (CH), Dahuo (DH), Houhuo (HH), and Yangqu (YQ). The entire incubation period is about one month [22] . Following the incubation, Daqu is further fermented by mixing with cooked cereals at a proportion of approximately 9-10%. Previous cultureindependent and culture-dependent studies have revealed the presence of yeasts, molds, bacteria, and actinomycetes in Daqu. Of these, the bacteria, especially thermophilic Bacillus, are present in higher numbers than fungi [22, 25, 37] . Although Bacillus spp. are among the dominant microorganisms in Daqu (up to 7-8 log CFU/g) [37, 38] , more precise information is needed to reveal why and how this situation evolved. Armed with this knowledge, the impact of Bacillus on Daqu and its derived products can be evaluated.
Bacillus spp. are ubiquitous spore-forming bacteria associated with a variety of food products [1, 14, 21] . Usually, they are implicated in spoilage of food products and cases of food poisoning [3] . They are also used to produce commercial enzymes, such as amylases, proteases, amd lipases. Indeed, enzyme production by Bacillus may play a role in traditional food fermentation [11, 17, 18] .
In this study, we combined culture-dependent and culture-independent methods to investigate the ecology of Bacillus throughout Daqu incubation. To more precisely identify the organisms involved, a nested-PCR was used, targeted specifically at the 16S rDNA genes of Bacillus and related genera. The antimicrobial spectra of certain *Corresponding author Phone: +86-10-62737966; Fax: +86-10-62737078; E-mail: chenjy@cau.edu.cn Bacillus strains were also tested in order to confirm the nature of their dominance distribution. The results of this study may assist in improving the quality and stabilization of Daqu-derived products.
MATERIALS AND METHODS

Sampling
The Daqu samples used in this study were collected in October 2009 from the Shanxi Xinghuacun Fenjiu Distillery Co. Ltd. (Fenyang, Shanxi, China) . Each Daqu block is approximately 27.5 × 16 × 5.5 cm 3 and weighs about 1.7 kg. Daqu was produced and matured in stacked layers by traditional methods. Samples were collected at the end of the WQ, SM, LM, CH, DH, HH, and YQ stages. The temperatures of the samples were recorded by a mini infrared thermometer gun (UNI-T UT301A, Beijing) at the time of sampling. Samples were randomly selected from each upper, middle, and lower stacked layer, and ground and pooled to provide an experimental Daqu powder sample. For culture-based investigations, the samples were stored at 4 o C and analyzed within 48 h. For culture-independent investigations, the samples were stored at -20 o C prior to further analyses.
Enumeration and Isolation
Culture-based microbiological investigations were conducted at all seven stages of Daqu incubation. Ten grams of powdered sample was added to 90 ml of sterile PPS (peptone physiological salt) solution containing 1 g/l peptone (Oxoid LP0034; Oxoid, Basingstoke, Hampshire, UK) and 8.5 g/l NaCl in a Stomacher Lab-blender 400 and homogenized. Appropriate serial dilutions were prepared from the same diluent. Unless otherwise indicated, 1 ml aliquots of the diluted suspensions were mixed with molten (45 o C) medium and poured onto duplicate counting plates of the media described below.
Total aerobic and anaerobic bacteria were enumerated on plate count agar (PCA; Oxoid CM0035). Plates were incubated at 30 o C for 1-2 days.
For the enumeration of bacterial spores, the first decimal dilution was pasteurized at 80 o C for 10 min [5] , and serially diluted. Then 100 µl of the appropriate dilution was pour-plated onto PCA (Oxoid CM0035) topped with an additional layer of 1.5% bacteriological agar (Oxoid LP0011). All plates were prepared in duplicate and incubated at 37 o C for 2-4 days.
Fungi (yeasts and molds) were enumerated on Rose Bengal chloramphenicol agar (RBCA; Oxoid CM0549), to which 100 mg/l chloramphenicol (Oxoid SR0078E) was added [37] . Then 100 µl of diluted suspensions were spread-plated onto this medium and incubated at 25 o C for 2-4 days. Duplicate counts were made for each of the duplicated samples, yielding four counts per sample. The results are reported as the means ± SD (n = 4). For plates of bacterial spores containing around 100 colonies, the number of randomly selected isolates was the square root of the total number of colonies. Isolates were grown in nutrient broth (NB, Oxoid CM0001B) media under the conditions applied previously for plate counting.
Identification of the Isolates by 16S rDNA Sequence Analyses
Presumptive Bacillus spp. isolates were grown in nutrient broth medium supplemented with MnCl 2 (50 mg/l) to encourage sporulation. DNA was extracted from endospore-forming isolates using the Bacteria Genomic DNA Purification Kit (Tiangen, Beijing, China), according to the manufacturer's instructions. An approximately 1500 bp fragment of the 16S rDNA was amplified using forward primer B-for and reverse primer B-rev. The primers used in this study are shown in Table 1 . The sequencing of the 16S rDNA fragment was performed by Beijing Center for Physical and Chemical Analysis (Beijing, China). Sequence similarity was determined by accessing the BLAST database from GenBank.
Identification by Culture-Independent Methods Total DNA extraction. For culture-independent investigations, 2 g of each Daqu sample was suspended in 30 ml of PBS, and total DNA was extracted by a minor modification of the method of Wang et al. [29] . The collected DNA was air-dried and dissolved in 30 µl of sterile water. DNA concentration was assayed by ultravioletvisible spectrophotometers (Unico, Shanghai, China) and diluted to an approximate final concentration of 10 ng/µl. PCR. The first PCR experiment adopted primers pB/pH (Table 1) , designed specifically for Bacillus and related genera (such as Alicyclobacillus, Brevibacillus, and Clostridium). The first PCR (referred to as "selective PCR") was performed in a 50 µl reaction mixture containing 37.75 µl of ddH 2 O, 5 µl of PCR buffer, 4 µl of dNTP (2 mmol/l), 1 µl of each primer (10 µmol/l), 1 µl of DNA template, and 0.25 µl of Ex Taq DNA polymerase (5 U/µl) (Takara, Japan). PCR reactions were undertaken in a AG 223B1 Thermoblock (Eppendorf, NY, USA) with PCR conditions as follows: initial denaturation of double-stranded DNA for 5 min at 94 o C; 35 cycles, 
